Interactions leading to the activation of the eggs has been of great interest to embryo log I sts for many years. LI I lie (1912) demonstrated that the supernatant of a suspension of eggs from the annelid, Nereis 1 Imbata . and from the sea urchin, Arbacla punctulata , cause agglutination of homologous spermatozoa. LI I lie applied the term "fertilizln" to the agent responsible for the agglutination. Frank (1939) showed that extracts of the spermatozoa of A. punctulata contained a substance which neutralized the agglutinating capacity of fertilizln and caused the agglutination of homologous eggs. Tyler (1940a) demonstrated the presence of a similar substance in the spermatozoa of the key-hole limpet, Hegathura crenulata . Tyler applied the term
•'anti fertilizln" to the substance extracted from the spermatozoa.
Li lite (191*0 had suggested that the cytoplasm of the eggs of some species possessed a substance which neutralized the effect of fertilizln, and Tyler (1940b) succeeded in extracting such a substance from sea urchin eggs which he found to be similar to the anti fertilizln from spermatozoa.
Li Hie (1912) proposed that fertilizln functioned in the specific attachment of the spermatozoa to the egg. The discovery of anti fertilizln gave Impetus to this hypothesis. Although there are those that 1 hold contrary views (see Hagstrom, 1956 ) It Is generally held that the fertilizin on the surface of the egg combines with the antiferti I Izin of the spermatozoa In a manner analogous to antigen-antibody reactions, resulting in the attachment of the spermatozoa to the egg. Li I lie (1919) demonstrated that fertilizin was not obtained from tissues other than eggs. This Implicated fertilizin as the agent responsible for the tissue-specificity of fertilization. The species-specificity of fertilization has also been demonstrated, based on the fertlllzlnantlferti 1 izin reaction (see review by Tyler, 1948) . The reaction between fertilizin and anti fertilizin of heterologous species may occur, if the species are closely related, but sperm agglutination titer In no way approaches the agglutination apparent when homologous materials are used. In most echlnoids, the agglutination of spermatozoa by fertilizin is of a transient nature, the agglutination reversing after a short period. The reversed spermatozoa are incapable of re-agglutination and are generally incapable of fertilizing eggs.
This indicates that the antiferti I Izin has been neutralized by the fertilizin. Tyler (1955) attributes the reversal of agglutinated spermatozoa to the splitting of the individual fertilizin molecules that bind the spermatozoa together.
The eggs of many species of animals are surrounded by membranes, follicle cells and/or gelatinous material through which the spermatozoa must pass before fertilization can occur. In ecninoids, in addition to the membranes of the egg surface, the egg is surrounded by a layer of gelatinous material that has been shown to be Identical with fertilizin (Tyler and Fox, lykO; Tyler, 19^1 Tyler, 1955) .
It has been demonstrated that the spermatozoa of many species of animals possess a substance which Is capable of breaking down the membranes or dispersing the follicle cells or fertl I Izln-gel surrounding the eggs of homologous species. Such substances have been reported as present in amphibians (Hlbbard, 1928; Wintrebert, 1929 )* gastropods (Tyler, 1939; von Nedem, 19^2) , mammals (Yamane, 1930; Plncus, 1930; Duran-Reynals, 19^2) , pelycepods (Berg, 19^9) and polychaetes (Osterhout, 1950; Colwln and Colwln, 1958) . The most widely known of these lytic or dispersing agents Is hyaluronidase, obtained from mammalian testes. The presence of similar substances In echlnolds has been the source of much discussion since Hartmann, et aj_. (19*10) reported that a gel-dispersing agent could be obtained from sea urchin spermatozoa by precipitation of the seminal fluid with methanol. Tyler and O'Melveny (19^1) proposed that this apparent dispersal was due to the activity of antifertillzln and postulated that no substance was then demonstrable in sea urchin spermatozoa which would depoiyroerize the ferti I izin-gel . Runnstrom, et al. (1942) Vasseur* s conclusion was questioned by Monroy and Tosi (1952) and by Monroy, et al.. (195*0. The latter investigators also refuted the earlier work of Monroy and Ruffo (19^7) . Ishlda (I95 1 *) reported a geldissolving substance In the spermatozoa of Hemlcentrotus pulcherrimus and showed that if the spermatozoa were first rendered nonferti 1 Izable by treatment with ferti llzin, the gel-dissolving substance was still active. Metz (1957) and Brookbank (1958) pointed out that when live spermatozoa were used, there remained the possibility that acid conditions, caused by the production of carbon dioxide by the spermatozoa, could cause the dissolution of the ferti I Izin-gel.
In this report, Under these conditions, the animals were suitable for use for about ten days.
Gametes were secured by forced spawning, induced by injecting approximately 5 milliliters of 0.5 N potassium chloride into the perivisceral cavity (Palmer, 1937; Tyler, 1949b) . Gametes were collected in Syracuse dishes filled with filtered sea water.
Preparation of sperm extracts With this equipment all centrl fugatlons were made at 0°C.
As the first step In purification the crude extract was dialyzed against 60 volumes of filtered sea water at 1°C. for 24 hours. During this dialysis, the sea water was changed three time. The dialysate contained no gel-dispersing agent, and was discarded. After dialysis the extract was divided into two portions. One portion was retained as crude extract. Ammonium sulphate was added to the second portion according to the procedure developed by Kunitz (1952) until the solution was 60 per cent ammonium sulphate by volume, at which point a white precipltate formed. Precipitation was allowed to proceed for at least 12 hours at 1°C . The precipitated extract was then centrlfuged at 15*500
x gravity for 10 minutes and the supernatant fluid was discarded, after tests revealed no gel-dispersal activity In the supernatant fluid.
Cold, filtered sea water was added to the precipitate in a volume equal to the original volume of extract prior to the addition of ammonium sulphate. The re-cons tttu ted extract was then dialyzed against 60 volumes of filtered sea water, through three changes of sea water, for 2k hours at 1°C. to remove the ammonium sulphate. The dialysate contained no active gel -dispersing agent and was discarded* After this dialysis the pH of the extract was checked and If necessary adjusted to pH 8.0. In practically all cases, the pH varied less than 0.2 units* Qualitative (barium chloride) tests for residual ammonium sulphate were not performed. Extracts prepared by ammonium sulphate precipitation were regarded as partially purified extracts and henceforth will be referred to as such. All extracts were stored at 1°C . until used.
All tests for gel-dispersal activity of the extracts were made at 25°C.
Preparation of eggs
The Ten per cent egg suspensions were used In all experiments unless otherwise specified.
Determination of rates of gel-dispersal activity at various extrac t concentrations
To determine the effect of decreased extract concentrations on the rate of removal of the fertll Izln-gel by the dispersing agent, two types of experiments were undertaken. In one set of experiments partially purified extract was diluted to various concentrations with filtered sea water. The activity of two drops of the various concentrations was tested against one drop of 10 per cent egg suspension at 25°C.
After it had been determined that the gel-dispersing agent was completely saturated by the ferti I izln-gel available in a 60 per cent egg suspension, the effect of dilution of the extract was tested against 60 per cent egg suspensions.
Determination of the effect of increasing substrate concentrations Egg suspensions were prepared ranging in concentrations from 10 to 100 per cent. The activity of two drops of undiluted partially purified extract was tested against one drop of the various egg suspensions at 25°C. The suspensions were gently agitated at 3 minute Intervals to insure that all eggs were equally exposed to the dispersing agent.
Determination of pH sensitivity
The pH of crude and partially purified extracts was adjusted to Comparison of the activities of the preparations was then made.
Thermal stability
Crude and partially purified extracts were subjected to various temperatures, in a water bath, for 2 minutes and then cooled with tap water to 25°C. The gel -dispersing activity of two drops of the heattreated extracts was tested against one drop of 10 per cent egg suspensions.
interaction between the gel-dispersing agent and antiferti I izln
In order to ascertain the role, if any, of antiferti 1 izln In the dispersal of the ferti 1 izin-gel , experiments were undertaken which were designed to eliminate anti ferti 1 Izln from the sperm extracts. Tests were then made to determine the change, If any, on the rate of activity of the gel -dispersing agent.
If eggs of the sand dollar are allowed to stand in sea water for a period of several hours, the fertflizln will diffuse from the gelatinous material into the sea water. This "egg water" will then cause the agglutination of homologous live spermatozoa. Frank (1939) has shown that when sperm extracts are added to the egg water of Arbacla punctulata . the fertlllzin of the egg water is neutralized. On the assumption that the fertlllzin of the egg water would combine with the antlfertlllzln of the sperm extracts which contained the active gel-dtspersing agent and thus remove the antifertl 1 Izln, egg water with a sperm agglutination titer of 1:1000, as determined by serial two-fold dilutions of the egg water, was added to an equal portion of sperm extract and this solution was allowed to stand overnight at 1°C. A very slight precipitate was formed which was removed by centrlfugatlon at 15,500 x gravity for 10 minutes. The supernatant was tested for dispersal activity against fresh eggs. In a control experiment, untreated extracts were diluted 1:1 with filtered sea water and tested for gel -dispersing activity. The activity rates of the two solutions were compared.
In another set of experiments, the fertl I iztn-gel was removed from eggs by allowing the eggs to stand In 20 ml 1 1 igraro-per cent trypsin for 10 minutes. The denuded eggs were then washed five times In 30 volumes of sea water to remove the trypsin. Several investigators have shown that when the fertilizin-gel Is thus removed, some fertlllzin remains on the egg surface and this fertlllzin will cause the agglutination of spermatozoa (see Metz, 1957) . Two volumes of partially purified extract were then absorbed with one volume of tryps in-treated eggs for 5 minutes. The eggs were then removed by centrlfugatlon and the absorbed extract was tested for gel-dispersing activity against fresh eggs.
The question had been raised (Brookbank, personal communication) of the possibility that antiferti I izin or some other sperm component was necessary as a co-factor for the activity of the gei-dispersing agent, in this case, dilution of the sperm extract with sea water would decrease the concentration of the dispersing agent and/or the co-factor below a critical level. To explore this possibility, different aliquots of partially purified extracts were heated to 70°C., 95°C. and 100°C. respectively. The 70°C. treatment Inactivated the gel -dispersing agent but did not affect the activity of the antifertllizin in the extract. Anti ferti 1 izin is stable when heated for 2 minutes at 100°C. , but longer exposure to this temperature degrades it.
Unheated, partially purified extracts were then diluted to 50 per cent concentrations with sea water, and with extracts which had been heated to the various temperatures. These solutions were then tested for gel-dispersal activity against fresh eggs, at 25°C.
Tests for proteins
Standard qualitative tests were made, on partially purified extracts, to determine If the active gel-dispersing agent might be protein in nature.
RESULTS AND DISCUSSION
The dispersal of the fertl I Izln-gel by the dispersing agent from sperm extracts appears to be the result of Interaction between the active dispersing agent and the surface molecules of the fertl I izln-gel
As shown In Figure The homogeneity of the ferti I izin-gel would, it appears, depend upon the cellular origin of the gel. The question of this origin has not lb been clarified (see Metz, 1957 In this study, time of dispersal was recorded only to the point at which the echlnochrome granules began to fall to the bottom of the Syracuse dish and change In rate of dispersal was not employed and calculations were based on the volume of fertl 1 izln-gel dispersed.
In future studies, during which more refined measurements will be made, the change In rate must be considered.
Rates of gel -dispersal activity
The results of experiments to determine the rates of dispersal activity at various extract concentrations are summarized tn Figure   3 .
Since the substrate concentrations were held constant tn these experiments, the rate of gel dispersal was assumed to be independent of the substrate concentration and to be a function of the concen- The results of experiments In which the concentration of the gelW9p> -" "..v;V dlsperslng agent was kept constant and the substrate concentration was varied are described In Figure 5 . It will be noted that with lower substrate concentrations a zero-order plot Is described, but at higher substrate concentrations the curve more or less describes a first-order reaction.
It Is suggested that under the conditions present in these experiments, the gel-dispersal reaction Is one which can not be described by a single plot. One must bear In mind that the gel dispersal observed is due to an agent In Impure form. Studies are projected In which it Is hoped that the kinetics of a relatively pure gel-dispersal enzyme may be described. There Is an Inherent difficulty present In attempting to record the time of dispersal at high concentrations of eggs.
In egg suspensions above 60 per cent, the eggs are so dense that Rate of dispersal of fertl 1 izin-gel with varied substrate concentrations.
It Is difficult to accurately determine whether granules are being dispersed, and thus record the end-point In the measurements. Although efforts were made to insure that all eggs were equally exposed to the dispersing agent, it is possible that In dense egg suspensions all eggs
were not equally exposed. Therefore, what appears In Figure 5 to be a decrease In activity at high substrate concentrations could actually be an expression of error in determining the time at which the echlnochrome granules were dispersed and/or inadequate exposure of the eggs to the dispersing agent. One would like to be able to determine the amount of product formed In these reactions, but no satisfactory method of separating the product from the solution has, as yet, been devised, pH sensitivity
The optimum pH for dispersal of the fertl 1 Izln-gel of sand dollar eggs by homologous sperm extracts was shown by Brookbank (1958) to be 8,0. The present investigation confirms this observation. When gel dispersal was attempted at higher pH values there was a gradual decrease
In activity up to pH 9.8 at which point no dispersal was apparent (Table   1 ).
When sperm extract was exposed to pH 9.8 and readjusted to pH 8.0
the extract was incapable of causing the dispersal of the fertl 1 Izln-gel (Table 2 ).
It is apparent that the active dispersing agent was denatured at pH 9.8. Acidification of sperm extracts also resulted in decreased dispersal activity. Extracts exposed to pH 4.0 for 1 minute and then readjusted to pH 8.0 were incapable of causing the dispersal of the fertl 1 izln-gel (Table 2 ). The activity of the antl fertl 1 Izin present
In the sperm extracts was not altered by this acid treatment. The data
In Table I and Table 2 are those obtained from partially purified The mean values from five experiments are given. Minus signs Indicate no dispersal activity after one hour. Table 2 . Effects of exposure of sperm extracts to various hydrogen ion concentrations. 
Extract exposed to

Thermal stability
The effects of temperature on the stability of both crude and partially purified extracts are quite clear, as shown in Table 3 . This table summarizes the results of experiments involving five different preparations of extract. It is apparent from these data that partial purification of sperm extracts enhanced their gel -dispersing capacity and also enhanced the thermal stability, up to a temperature of 45°C., at which point the gel-dispersing agents in all extracts were inactivated. This heat treatment did not inactivate the antlferti 1 izin present in the extract.
It had been the observation of the present investigator that partially purified extracts remained active over a longer period of time In storage than did the crude extracts. The experiments on thermal stability provided some degree of confirmation for this observation.
In these experiments tests were made on extracts within three days of their preparation, with one exception. The tests conducted on January 9, 1961, were made with extract prepared on December 14, I960.
It will be noted that the crude extract from this preparation was less active than the extracts from the other preparations.
Interaction between the gel -dispersing agent and antlferti llzin When sperm extracts were absorbed with egg water, no decrease In gel-dispersing activity was apparent that could not be attributed to dilution of the dispersing agent. As shown in Table k t the dispersal times for absorbed extract, at various dilutions, were essentially the In these experiments the decrease In gel-dispersal activity was presumably due to dilution of the active geldispersing agent and not to the loss of antlfertl I izin.
The results of the experiments In which partially purified extracts were diluted with extracts which had been subjected to various temperatures are summarized In Table 5 . Antlfertl I Izin In sperm extracts can be detected by the presence of a precipitation membrane formed on the surface of the ferti 1 izln-gei when fresh eggs are exposed to the extracts.
In the presence of the fertl 1 Izln-gel dispersing agent, only a very faint precipitation membrane could be seen. When the geldispersing agent was inactivated by heating, a precipitation membrane was more readily formed by the antlfertl I izin remaining In the extract.
When sperm extracts were boiled for 5 minutes, then tested against fresh eggs, the formation of a precipitation membrane could not be detected.
This Indicated that some degree of Inacttvation of the antlfertl llzln had occurred. The data In Table 5 Indicate that some substance was present In the heated extracts that enhanced the gel-dispersing capacity of the unheated, partially purified extracts. The presence of some such substance is also suggested by the curves in Figures 3 and k which show a critical dilution point. One might expect this to occur If more than one agent was involved.
Absorption of sperm extracts with trypsin-treated eggs produced If eggs were fertilized and then exposed to the sperm extracts, crenation of the fertilization membrane was observed. When sperm extracts were absorbed with denuded eggs, not only were the extracts rendered practically inactive, but the surfaces of the eggs were also altered, leaving the surfaces in a crenated condition.
It will be recalled that denuded eggs exposed to sperm extracts are incapable of fertilization by live sperm. It Is possible that the sperm-receptor sites on the egg surface are neutralized by the activity of the sperm extract. Brookbank (1958) showed that the gel-dispersing enzyme In M. guinquiesperforata caused the dissolution of precipitation membranes that were formed on the fertl 1 izln-gel prior to the addition of the enzyme. Rothschild (1956) (Tyler and Netz, 1955) . Both species possess gel-dispersing enzymes. The depolymerlzatlon of the ferti 1 lzln-gel by the gel -dispersing enzyme would enhance the "muzzling" of the spermatozoa by ferti lizin as the spermatozoa pass through the gel. This "muzzling" of the spermatozoa in the two species mentioned is, apparently, of no serious consequence since fertilization of the egg by ferti lizinreversed sperm can occur. The significance of the ability of reversed spermatozoa to fertilize eggs remains sufficiently obscure to merit further study.
SUMMARY AND CONCLUSIONS
A fertillzin-gei dispersing agent from the spermatozoa of the sand dollar, Melllta qulnquiesperforata . has been studied. It has been demonstrated that the active dispersing agent Is not antlfertllizin.
The agent is believed to be a protein and its activity suggests that it Is an enzyme. The gel -dispersing agent is non-dialyzable, precipitated by ammonium sulphate and gives positive biuret, nlnhydrin and xanthoproteic reactions* The enzyme Is denatured by exposure to 45°C.
for 2 minutes. Optimum pH for gel -dispersal is 8.0. Exposure to either pH 4.0 or 9.8 for I minute inactivates the enzyme. Gel-dispersal capacity of the enzyme is greatly reduced when the enzyme is absorbed with denuded eggs. Evidence Is given that a heat-stable cofactor from the spermatozoa is necessary for the optimal activity of the enzyme.
The gel-dispersing enzyme apparently depolymerizes the fertlllzlngel surrounding homologous eggs and probably functions In nature to facilitate the passage of the spermatozoa through the fertil Izln-gel .
Reversal of fertl I Izln-agglutlnation of spermatozoa is evidently not caused by the gel-dispersing enzyme. The "muzzling" of spermatozoa by depolymerized fertlllzin is believed to be compensated for by the ability of fertil izln-reversed spermatozoa to fertilize homologous eggs. 
